The prevalence of type 2 diabetes is increasing rapidly across the world, particularly in Asian countries. This has necessitated the development of hypoglycaemic foods. In this study, the effect of selected ingredients such as barley, oats, gluten, and guar gum on in vitro starch digestibility and in vitro glycaemic index (GI) of four Indian traditional foods (idli, dosa, upma, and chapatti) was investigated. Barley and oats were added at levels of 1-9 g/100 g flour, while gluten and guar gum were added at levels of 1-5 g/100 g flour. An increase in the content of all the four ingredients increased the slowly digestible and resistant starch while decreasing the rapidly digestible starch in all the products under study. A linear decrease in GI was observed with an increase in the levels of added ingredients. Oats and guar gum were more effective in reducing starch digestibility and GI. Oats at 9 g/100 g flour and guar gum at 5 g/100 g flour decreased the GI of idli by 22.67 and 15.82%, of dosa by 17.79 and 17.76%, of upma by 15.43 and 16.59%, and of chapatti by 19.88 and 18.08%, respectively. A strong positive correlation was observed between GI and RDS, while GI showed a strong negative correlation with SDS and RS.
Introduction
Cereal-based foods are a major source of energy in the daily diet of people worldwide due to the presence of starch as the main carbohydrate component. The rate and extent of starch digestion are nutritionally significant, particularly in populations with high prevalence of lifestyle diseases like diabetes. Starch can be classified into rapidly digestible starch (RDS), slowly digestible starch (SDS), and resistant starch (RS) on the basis of the rate of enzymatic digestion. [1] The RDS fraction is responsible for a sudden surge in levels of blood glucose, SDS fraction undergoes slower digestion in the small intestine, while RS escapes digestion and is eventually fermented in the large intestine. [2] Thus, the relative proportions of RDS, SDS, and RS determine the glycaemic response of a food. A study by Sharavathy et al., [3] on ten Indian cereal-based foods showed the contents of total starch (TS), RDS, SDS, and RS to be dependent on the accompaniment consumed with these foods.
GI is another important indicator of glycaemic response introduced by Jenkins et al. [4] GI is estimated by determining the relative increment in the concentration of blood glucose after consumption of a test meal over a set period of time when compared to that of an equi-carbohydrate control meal which is normally white bread or glucose. It is determined by an in vivo method but can also be estimated by in vitro methods which correlate well with the in vivo method. [5] Foods can be categorised as low GI (≤55), medium G1 (56-69), and high GI (≥70). Investigations on the effect of low GI foods on blood glucose response [6, 7] have shown them to result in a gradual and controlled rise in levels of blood glucose due to their slower rate of digestion and absorption. [8] Hypoglycaemic foods play a positive role in the prevention and management of type 2 Diabetes mellitus, [9, 10] obesity, [11] cardiovascular diseases, [12] hyperlipidaemia, [13] and hypercholesterolemia. [14, 15] The incidence of type 2 diabetes and related metabolic syndrome has increased tremendously in urban India. [16] One of the approaches to contain this would be the development of cerealbased staples with low GI. Reports on low GI Indian traditional foods [17, 18] are scant. In India, a wide range of wheat-and rice-based products are consumed daily. Most of the wheat produced in India is utilised in the form of a flat bread, chapatti; almost every household consumes chapatti, generally twice a day. Upma is another wheat (semolina) based product which is a popular breakfast item. Idli and dosa are prepared from a fermented batter made up of rice and black gram and are routinely consumed in south India. The fermented batter is shallow fried to a circular, crisp, thin, pancake-like product called dosa [19] , or steamed to a round, spongy, and soft product with a characteristic sour flavour called idli. [20] These products can be suitably modified by incorporation of ingredients/additives in order to retard their rate of starch digestion and glucose release. For instance, β-glucan [21, 22] and guar gum [23] are soluble fibres known to lower GI when added to foods.
This study was undertaken to evaluate the effect of addition of barley, oats, gluten, and guar gum on starch digestibility and GI of idli, dosa, upma, and chapatti formulations. Further, correlation between RDS, SDS, RS fractions and in vitro GI for these traditional foods, which have hitherto not been reported, has been investigated.
Materials and methods

Materials
Two rice-based products and two wheat-based products were chosen for the study. Rice idli premix (Gits), dosa premix (Gits), upma premix (Gits), wheat flour (Ashirvaad, ITC), double filtered groundnut oil (Dhara), table salt (Tata), barley grains and oats (Bagrry's) were purchased from a local market in Matunga, Mumbai. Barley and oats were milled to obtain flour of 40 mesh size. Gluten and guar gum (of viscosity ≈7600 cPs at a concentration of 1 g/100 mL) were procured from Sigma, Mumbai, India.
For estimation of starch digestibility, pancreatin from porcine pancreas 8 × USP specification, amyloglucosidase from Aspergillus niger AMG 300 L with activity ≥300 U/mL, amyloglucosidase from Aspergillus niger (lyophilised powder with activity 70 units/mg), and invertase from Baker's yeast (Saccharomyces cerevisiae) Grade VII-≥300 U/mg solid were used. All other chemicals used for analysis were of analytical grade and procured from HiMedia, Mumbai. Polypropylene centrifuge tubes (50 mL) with screw caps and drilled glass balls (1.5 cm) were also used.
For estimation of GI, α-amylase from Bacillus licheniformis, Termamyl-120, Type XII-A (Sigma A3403-1MU) with activity ≥500 unit/mL, amyloglucosidase (Sigma 10115-1G) with activity of 70 units/mg, and Pancreatin 4X from Porcine pancreas (Sigma P1750-100G) were procured from Sigma (Mumbai, India). Glucose oxidase-peroxidase (GOD-POD) kit D.L. No.: KD-300 was purchased from Accurex, Mumbai and used for estimation of both starch digestibility and GI.
Methods
Methods for the preparation of idli, dosa, upma, and chapatti with and without the addition of different ingredients were standardised. Based on a preliminary screening, the levels of substitution with the ingredients were selected. Barley and oats were added at 1, 3, 5, 7, and 9 g per 100 g flour/ premix, while gluten and guar gum were added at 1, 3, and 5 g per 100 g flour/premix.
Preparation of idli
Control and experimental idlis with added barley/oats/gluten/guar gum were prepared by the traditional method of steam cooking using a commercial rice idli premix. Barley, oats, and gluten were incorporated individually in the idli premix to form a homogenous mixture which was then made into a batter by adding 160 mL water to 100 g premix. The batter (~65 g) was transferred into individual cups of the aluminium idli mould (please see supplementary file Fig. S1 ) and cooked for 20 min in a steam cooker. After cooking, the idlis were de-moulded, cooled for 10 min at room temperature (RT,~27 ± 2°C), and stored in an air tight container. Incorporation of guar gum in the idli premix was similar to the other ingredients as above but required additional 5 mL water per gram of added guar gum.
Preparation of dosa
Pre-weighed ingredient (barley, oats, and gluten) was incorporated individually at various levels in the commercial dosa premix and mixed well to obtain 100 g of a homogenous mixture. Dosa batter was prepared by adding 180 mL water to 100 g premix and allowed to stand for 5 min. It was then spread evenly (approximately 75 mL at a time) in an outward circular motion over a preheated (200 ± 3°C) non-stick griddle or tawa. No oil was used for cooking. Dosa (~20 cm diameter) was prepared by roasting for approximately 2 min on one side and 1 min on the other side until the development of golden brown colour. The dosas were cooled at RT and stored in an air tight container. Incorporation of guar gum in the dosa premix was similar to that of the other ingredients as above but required an additional 10 mL water per gram of added guar gum.
Preparation of upma
Pre-weighed ingredient (barley, oats, and gluten) was mixed individually in varying proportions with commercial upma premix to obtain 100 g of homogenous mixture. This premix was added to boiling water (300 mL) and simmered for 5 min with occasional stirring until the required consistency of upma was obtained. The upma so prepared was cooled at RT for 10 min, kept in an airtight container, and used immediately for further analysis. Incorporation of guar gum in the upma premix was similar to that of the other ingredients as above but required an additional 9 mL water per gram of guar gum.
Preparation of chapatti
Pre-weighed ingredient (barley, oats, and gluten) was blended with commercial whole wheat flour. Chapatti was prepared by the traditional method explained by Ghodke and Ananthanarayan. [24] The chapattis were cooled at RT for 5 min, stored in an airtight container, and then used immediately for further analysis. Incorporation of guar gum in the wheat flour required an additional 5 mL water per gram of added guar gum.
Analysis for starch digestibility
Starch digestibility of the four food products with and without added ingredients was analysed in terms of total starch (TS), rapidly digestible starch (RDS), slowly digestible starch (SDS), and resistant starch (RS) using an enzymatic digestion by pancreatin, invertase, and amyloglucosidase as per the method developed by Englyst et al. [1] The analytical protocol requires the sample to ideally contain 700-900 mg starch. [1] Hence, the content of moisture and total starch was determined for each food product, and the quantity of sample (wet weight) which would contain 900 mg starch was calculated. The analysis was carried out for a range of sample quantities set around the computed value with intervals of 250 mg. The optimum sample quantity for starch digestibility analysis was found to be 3500, 3000, 4500, and 2500 mg for idli, dosa, upma, and chapatti, respectively. The optimised sample quantities of the freshly prepared food products were analysed for contents of free glucose (FG), RDS, SDS, RS, and total glucose (TG) in triplicates.
Analysis for estimation of GI
Estimation of glycaemic index (GI) involved analysis of available starch and starch hydrolysis index 90 (HI 90) as per the formula given by Goni et al. [5] The optimum sample quantity to be used for available starch analysis was found to be 400 mg for idli, 350 mg for dosa, 600 mg for upma, and 250 mg for chapatti. The percentage available starch did not increase above these quantities under the given set of experimental conditions. The percentage available starch was determined by a procedure of Holm et al. [25] Fresh chapatti sample (250 mg) was homogenised in a mortar pestle with 5 mL distilled water (DW) and then transferred to a conical flask with 10 mL DW. It was then treated with 200 µl termamyl enzyme for 15 min in a boiling water bath with mixing after every 5 min. The suspension was cooled and diluted to a final volume of 25 mL with DW. The clear solution at the top (1 mL) was incubated with 2 mL of sodium phosphate buffer (pH 4.75) and 1 mL of amyloglucosidase solution (5 mg amyloglucosidase dissolved in 25 mL of the same buffer) at 60°C for 30 min with gentle mixing every 5 min. It was then diluted to 10 mL with DW. Glucose was estimated by using GOD-POD kit. The percentage available starch was estimated using the Eq. (1), a simplified version of equation used by Holm et al. [25] Percent available starch ¼ μg glucose Â 25 Â 0:9 f g =sample weight mg; dry basis ð Þ
The optimum amount of sample to be used for HI 90 analysis was found to be 1600 mg for idli, 1400 mg for dosa, 2400 mg for upma, and 1000 mg for chapatti. HI 90 was estimated by a method used by Holm et al. [26] with modifications. Fresh chapatti (1 g) was homogenised and suspended in 50 mL of 0.1 M phosphate buffer (pH 6.9). Then 5 mL of the same buffer containing 500 mg pancreatin was added and the mixture was incubated at 37°C with continuous shaking for 90 min. Clear sample solution (0.1 mL) was drawn at 0 min and exactly after 90 min and analysed for maltose using the DNSA method. Results were expressed as mg maltose released after 90 min of hydrolysis of 1 g sample (dry weight). From the value of percent available starch in the sample obtained previously, mg starch/g sample and mg maltose released/mg starch in the sample was calculated. HI 90 was estimated using Eq. (2).
From values of percent available starch and HI 90, GI was calculated using Eq. (3) as given by Goni et al. [5] GI ¼ 39:
Sensory evaluation of food samples containing added ingredients
Sensory acceptability of idli, dosa, upma, and chapatti incorporated with barley (1-9 g/100 g four), oats (1-9 g/100 g flour), gluten (1-5 g/100 g flour), and guar gum (1-5 g/100 g flour) was evaluated by 12 semi-trained panelists in the age group of 20-30 years and familiar with the products since childhood for appearance, texture, mouthfeel, flavour, and overall acceptability on a 9-point hedonic scale ( 
Statistical analysis
All the experiments were performed in triplicates, and the mean and standard deviation values were calculated. The data was analysed by one-way analysis of variance (ANOVA) and Tukey's-b multiple range test using SPSS Software. The significance of difference was defined at P ≤ 0.05.
Results and discussion
Effect of added ingredients on starch digestibility
The influence of added ingredients on starch digestibility in idli, dosa, upma, and chapatti was studied by estimating the content of total starch and its fractions-RDS, SDS, and RS, on as-is basis.
Effect of added ingredients on total starch (TS) content of idli, dosa, upma, and chapatti
Incorporation of all the four ingredients (barley, oats, gluten, guar gum) decreased the TS content of idli, dosa, upma, and chapatti slightly (Fig. 1a-1d ). The decrease in TS was directly proportional to the content of the ingredients chosen in the study. Similar findings were reported by Brennan et al. [27] in a study where fibre sources such as bran, inulin, guar, and swede were incorporated in an extruded breakfast cereal product. In the present work, the reduction in TS of the products containing gluten and guar gum corresponded well with their level of replacement since both are starch-free ingredients. Although barley and oats do contain starch, their addition also decreased the TS slightly in all the products. The TS contents of control samples of idli, dosa, upma, and chapatti were 33.87%, 29.09%, 30.12%, and 41.23% (w/w, dry basis), respectively. The maximum reduction in TS content on incorporation of ingredients was seen in idlis prepared with supplementation of barley and oats, both at 9 g/100 g flour. The change in all other cases ranged from 1.41% to 6.64%.
Effect of added ingredients on RDS content of idli, dosa, upma, and chapatti RDS is that fraction of starch which is digested to release glucose in the first 20 min of enzymatic hydrolysis. It mainly consists of amorphous and dispersed starch. [2] RDS undergoes rapid digestion in the duodenum and proximal part of the small intestine resulting in a rapid surge in blood glucose levels (hyperglycaemia). Such fluctuations may disturb glucose homeostasis and damage the cell and eventually the organ. [28, 29] Hence, foods with a lower content of RDS are preferred for management of glucose intolerance and diabetes. Addition of barley (1-9 g/100 g flour), oats (1-9 g/100 g flour), gluten (1-5 g/100 g flour,) and guar gum (1-5 g/100 g flour) significantly retarded the digestibility of starch in terms of the RDS fraction in all the four food products under study (Fig. 2a-2d) , the reduction being directly proportional to the level of the added ingredients.
As seen in Fig. 2a , the RDS content of idli and dosa were reduced from 7.56% and 5.81% (control) to 1.47% and 1.54%, respectively, on addition of barley at 9 g/100 g flour. Thus, the percentage reduction observed in RDS (ΔRDS) was 80.56% for idli and 73.49% for dosa. RDS fractions of upma and chapatti were reduced to 1.42% (ΔRDS: 74.51%) and 4.35% (ΔRDS: 46.30%), respectively. Addition of oats at 9 g/100 g flour decreased RDS of idli and dosa to 1.00% (ΔRDS: 86.77%) and 1.00% (ΔRDS: 82.79%), respectively, while that of upma and chapatti was reduced to 1.22% (ΔRDS: 78.10%) and 3.12% (ΔRDS: 61.48%), respectively (Fig. 2b) . Substitution with gluten at 5 g/100 g flour lowered RDS of idli to 4.5% (ΔRDS: 40.48%), dosa to 2.75% (ΔRDS: 52.67%), upma to 3% (ΔRDS: 46.14%), and chapatti to 5.95% (ΔRDS: 26.54%) (Fig. 2c) . Addition of guar gum at 5 g/100 g flour decreased RDS to 2.32% (ΔRDS: 69.31%) in idli, 1.51% (ΔRDS: 74.83%) in dosa, 2.00% (ΔRDS: 64.09%) in upma, and 3.85% (ΔRDS: 52.47%) in chapatti, respectively (Fig. 2d) . On comparing values of percentage reduction in RDS (ΔRDS) brought about by the four ingredients in each product at higher levels of substitution, oats and guar gum were found to be more effective in decelerating starch digestion and lowering RDS fraction in foods as compared to barley and gluten. Guar gum and β-glucan present in oats and barley are soluble dietary fibres which absorb excess of water and form a gel-like network, thereby increasing the bulk and viscosity in the gastrointestinal tract. Consequently, the accessibility of starch for hydrolysis by digestive enzymes is restricted, and this in turn restricts the diffusion of digested sugars across the mucosal cells of small intestine. Thus, these ingredients are capable of slowing down the rate of carbohydrate digestion and gastric emptying. [28] At a reduced rate of digestion, the proportion of RDS also decreases. Dartois et al. [30] showed that incorporation of guar gum at 1% in waxy maize starch reduced the initial rate of starch hydrolysis by approximately 25%. The application of gluten as an additive for reducing RDS has been studied for the first time, although its mechanism of action is not known. In the case of dough, starch granules are dispersed in a three-dimensional gluten network. [31] Gluten supplementation could possibly alter the gluten-starch interaction, decreasing the accessibility of starch for enzymatic digestion.
Effect of added ingredients on SDS content of idli, dosa, upma, and chapatti
SDS is the starch fraction digested between 20 and 120 min of enzymatic hydrolysis and is thus intermediate between the RDS and RS fractions. It has a negative correlation with RDS in terms of both structure and quantity. It can be considered as a low GI fraction of starch, which undergoes slow and complete digestion throughout the small intestine, providing for a prolonged and sustained release of glucose. [28, 32] SDS can positively influence glucose metabolism and post-prandial insulin release, [33] cognitive performance, [34] and satiety. [35] Analysis of SDS content of idli, dosa, upma, and chapatti with added ingredients was carried out to understand their effect on starch digestibility (Fig. 3a-3d) . Incorporation of all these four ingredients did increase the SDS content in all the food products under study, the increase being directly proportional to the level of added ingredients thereby demonstrating their hypoglycaemic effect. This trend of elevated SDS levels complements the trend of decreasing RDS levels discussed earlier. Sharavathy et al. [3] also reported an inverse relation between the content of RDS and SDS fractions in selected Indian traditional foods.
The SDS content of control samples without any added ingredient was found to be 19.79%, 17.56%, 21.55%, and 30.93% in idli, dosa, upma, and chapatti, respectively. Addition of barley at 9 g/ 100 g flour increased the SDS of idli, dosa, upma, and chapatti to 22.36%, 19.08%, 22.62%, and 31.90%, the corresponding percentage increase in SDS (ΔSDS) being 11.49%, 7.97%, 4.73%, and 3.04%, respectively (Fig. 3a) . Similarly, incorporation of oats at 9 g/100 g flour increased SDS to 21.56% (ΔSDS: 8.21%) in idli, 19.52% (ΔSDS: 10.04%) in dosa, 23.79% (ΔSDS: 9.42%) in upma, and 33.28% (ΔSDS:7.06%) in chapatti (Fig. 3b) . SDS contents of gluten (5 g/100 g flour) supplemented idli, dosa, upma, and chapatti were found to be 20.48% (ΔSDS: 4.70%), 18.48% (ΔSDS: 5.24%), 22.28% (ΔSDS: 3.39%), and 31.95% (ΔSDS: 3.30%), respectively (Fig. 3c) . Addition of guar gum also resulted in elevated SDS levels (Fig. 3d) ; Idli and dosa had SDS contents of 21.71% (ΔSDS: 10.99%) and 19.35% (ΔSDS: 10.13%), respectively, while upma and chapatti had SDS contents of 23.30% (ΔSDS: 8.12%) and 33.05% (ΔSDS: 6.85%), respectively, at 5 g/100 g flour level of substitution with guar gum. SDS is a good indicator of rate of starch digestion and glycaemic response, a higher proportion of SDS implying a slower digestion and glucose release. Oats and guar gum were more effective in elevating SDS levels as compared to barley and gluten at comparable levels of substitution. Dietary fibres such as guar gum are known to decrease the content of RDS and increase SDS in breakfast cereal foods. [27] In another study, a similar finding was reported for oats granola containing high molecular weight β-glucan. [36] Effect of added ingredients on RS content of idli, dosa, upma, and chapatti RS is that fraction of starch which remains undigested after 120 min of enzymatic hydrolysis. Since it escapes digestion in the small intestine, it travels to the large intestine where it is fermented by gut flora to produce short chain fatty acids with potential health benefits. RS is known to have hypoglycaemic and hypocholesterolemic effects, besides being a prebiotic; it can help in the prevention of colon cancer, reduction of gall bladder stone formation, and inhibition of fat accumulation.- [2, 37] Bhargava et al. [38] showed the supplementation of whole wheat flour with a mixture of barley flour, banana flour, and soy protein isolate (at 40%) to increase the RS content of north Indian parotta. Figures 4a-4d give the results of RS estimation carried out to understand the effect of addition of barley, oats, gluten, and guar gum on the content of RS fraction in idli, dosa, upma, and chapatti samples. A trend of increasing RS levels was observed in each of the food products when the four ingredients were added at increasing levels. This is in agreement with the observed decreasing trend of RDS and increasing trend of SDS in this study. The increase in contents of RS along with SDS compensates for the decrease in RDS. The control samples of idli, dosa, upma, and chapatti without any added ingredient were found to have 6.52%, 5.72%, 3.00%, and 2.20% of RS, respectively. Addition of barley at 9 g/100 g flour increased RS content to 7.17% (ΔRS: 9.07%) in idli, 6.70% (ΔRS: 14.63%) in dosa, 4.08% (ΔRS: 26.47%) in upma, and 3.5% (ΔRS: 37.14%) in chapatti (Fig. 4a) . The values of ΔRS on supplementation of the products with oats at 9 g/100 g flour were 24.19%, 18.29%, 30.56%, and 38.89%, respectively, for idli, dosa, upma, and chappati (Fig. 4b) . On similar lines, ΔRS of idli, dosa, upma, and chapatti were found to be 7.36%, 13.46%, 24.00%, and 25.00%, respectively, when gluten was added at 5 g/100 g flour (Fig. 4c) . Guar gum incorporation at 5 g/100 g flour increased RS in idli and dosa to 7.83% (ΔRS: 20.09%) and 7.00% (ΔRS: 22.38%), respectively. It also elevated RS of upma and chapatti to 4.27% (ΔRS: 42.33%) and 3.45% (ΔRS: 56.82%), respectively.
Based on the results of RDS, SDS, and RS analysis, it can be inferred that all the ingredients can be useful in improving the nutritional quality of the traditional (starchy) foods selected in this study with respect to extent of starch digestion. Oats and guar gum were more effective as compared to the other ingredients. Gluten has been found to desirably modify starch digestibility, though gluten supplementation would be a concern for celiac individuals. The reduction in starch digestibility brought about by each ingredient at a particular level of substitution varied with the type of food product in which it was incorporated. These differences observed between the products could be due to variations in particle size, type of food matrix, and the method and time of preparation.
Effect of added ingredients on Glycaemic Index (GI)
GI of some Indian traditional foods has been analysed in human studies. [39, 40] In this study, the effect of selected ingredients on in vitro GI of idli, dosa, chapatti, and upma was investigated. The results are illustrated in Fig. 5a-5d . GI values of idli, dosa, upma, and chapatti were found to be 71.28, 68.37, 65.53, and 62.56, respectively. Incorporation of barley at 9 g/100 g flour reduced the GI of idli and dosa to 58.46 (ΔGI: 17.99%) and 60.00 (ΔGI: 12.24%); it reduced GI of upma and chapatti to 56.00 (ΔGI: 14.54%) and 52.72 (ΔGI: 15.73%), respectively (Fig. 5a) . Addition of oats at 9 g/100 g flour decreased the GI values of idli, dosa, upma, and chapatti to 55.12 (ΔGI: 22.67%), 56.21 (ΔGI: 17.79%), 55.42 (ΔGI: 15.43%), and 50.12 (ΔGI: 19.88%), respectively (Fig. 5b) . Gluten and guar gum also lowered GI of the food products as seen in Fig. 5c and d. Addition of gluten at 5 g/100 g flour reduced GI of idli, dosa, upma, and chapatti to 60.00 (ΔGI: 15.82%), 63.00 (ΔGI: 7.85%), 59.45 (ΔGI: 9.28%), and 55.46 (ΔGI: 11.35%). Guar gum supplementation at 5 g/100 g flour decreased GI of idli and dosa to 60.00 (ΔGI: 15.82%) and 56.23 (ΔGI: 17.76%); it lowered GI of upma and chapatti to 54.66 (ΔGI: 16.59%) and 51.25 (ΔGI: 18.08%), respectively.
Idli, which was found to be a high GI food in this study, was modified to a medium GI food by incorporation of barley, oats, gluten, and guar gum at their highest level of substitution studied. Dosa remained a medium GI food although these ingredients significantly reduced its GI. Guar gum (5 g/ 100 g flour) modified the digestibility of upma (medium GI), making it a low GI food. Barley and oats (9 g/100 g flour) and guar gum (5 g/100 g flour) transformed chapatti (medium GI) into a low GI food. As discussed earlier, the viscosity effect leading to retarded starch digestion caused by soluble fibres could be responsible for lowering the GI observed on addition of barley, oats, and guar gum. The hypoglycaemic effect of gluten has not been previously reported. Further studies need to be carried out to understand the exact mechanism responsible for the observed GI lowering effect. In a study by Kim and White, [41] oat flours from different oat lines were found to retard in vitro starch digestibility and lower estimated GI values as compared to the control (wheat bread). In a study by Thondre and Henry, [17] incorporation of high molecular weight barley β-glucan in chapatti at levels of 4 and 8 g per serving significantly lowered the GI of chapatti when tested on eight healthy human subjects. In another study, bread made from wheat flour supplemented with β-glucan enriched fractions from barley was given to eight adults. A linear decrease in GI was observed with increasing levels of β-glucan in bread. [21] Shen et al. [42] demonstrated a hypoglycaemic effect on feeding oats to streptozotocin-induced diabetic mice. The GI lowering potential of guar gum has also been reported. [23, 43] Correlation between GI and RDS, SDS, and RS Studies have reported a good correlation between in vitro carbohydrate digestibility and GI in human subjects. [44, 45] The positive correlation between in vitro and in vivo GI has also been established. [5] In this study, the correlation between in vitro GI and each of the three starch fractions obtained by Englyst's in vitro carbohydrate digestibility test was studied to elucidate the physiological relevance of these fractions as in vitro indicators of glycaemic response.
The correlation observed between in vitro GI and RDS, SDS, and RS fractions in the four food products incorporated with added ingredients is given in Table 1 . The trends observed were similar for all the products; a strong positive correlation was observed between GI and RDS while a strong negative correlation was seen between GI and SDS and also between GI and RS. This is expected due to effect of the added ingredients on the proportions of RDS, SDS, and RS in the food products and its consequent effect on GI. The results of correlation studies are in agreement with previous observations. Pinhero et al. [46] have reported similar results in a study where 14 varieties of potato were tested for estimated GI and content of RDS, SDS, and RS fractions. Estimated GI was positively Table 1 . Correlation between RDS, SDS, RS, and GI in idli, dosa, upma, and chapatti incorporated with the four ingredients (barley, oats, gluten, and guar gum). correlated with RDS and negatively correlated with RS. Anderson et al. [47] showed in vitro starch digestibility to be related to satiety and short-term food intake apart from glycaemic responses in human subjects. Thus, in vitro carbohydrate digestibility measured in terms of content of RDS, SDS, 
Sensory analysis
Sensory acceptability of idli, dosa, upma, and chapatti supplemented with barley, oats, gluten, and guar gum at varying levels was investigated. As seen in Tables 2-5 , in each of the four products, the sensory scores for appearance, texture, mouthfeel and flavour along with overall acceptability decreased with increasing levels of substitution. However, even at the maximum level of substitution, which was 9 g/100 g flour for barley and oats, and 5 g/100 flour for gluten and guar gum, the sensory scores were 6 and above, indicating that the products were found to be acceptable (liked slightlyliked moderately) by the panelists.
Conclusion
This study has demonstrated the potential hypoglycaemic effect of barley, oats, gluten, and guar gum when incorporated in Indian traditional products such as idli, dosa, upma, and chapatti. Supplementation with barley and oats at 9 g/100 g flour, and with gluten and guar gum at 5 g/100 g flour, significantly reduced the in vitro GI along with a concomitant decrease in RDS and increase in SDS and RS. The nature of food matrix, particle size, and method of cooking may have influenced the GI lowering effect of these ingredients since they reduced the GI to different extents in the four food products in spite of being added at the same level. The fractions of in vitro starch digestion strongly correlated with GI and can be good predictors of in vitro glycaemic response. The supplemented products were organoleptically acceptable. Development of such popular traditional products with lower GI value could be beneficial for consumers with glucose intolerance and hyperglycaemia.
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